TXNIP/Redd1 Signaling and Excessive Autophagy: A Novel Mechanism of Myocardial Ischemia/Reperfusion Injury in Mice.
Either insufficient or excessive autophagy causes cellular death and contributes to myocardial ischemia/reperfusion (I/R) injury. However, mechanisms controlling the "right-level" of autophagy in the heart remains unidentified. Thioredoxin-interacting protein (TXNIP) is a pro-oxidative molecule knowing to contribute to I/R injury. However, whether and how TXNIP may further inhibit suppressed autophagy or promote excessive cardiac autophagy in I/R heart has not been previously investigated. Wild type (WT) or gene-manipulated adult male mice were subjected to myocardial I/R. TXNIP was increased in myocardium during I/R. Cardiac-specific TXNIP overexpression increased cardiomyocytes apoptosis and cardiac dysfunction, whereas cardiac specific TXNIP knockout significantly mitigated I/R-induced apoptosis and improved cardiac function. Importantly, TXNIP overexpression significantly promoted cardiac autophagy and TXNIP knockout significantly inhibited cardiac autophagy. In vitro studies demonstrated that TXNIP increased autophagosome formation but inhibited autophagosome clearance during myocardial reperfusion. Atg5 siRNA significantly decreased hypoxia/reoxygenation (H/R) induced apoptosis in cardiomyocytes with TXNIP overexpression. Mechanistically, TXNIP suppressed autophagosome clearance via increasing ROS level. However, TXNIP-increased autophagosome formation was not mediated by ROS as a ROS scavenger failed to block increased autophagosome formation in TXNIP overexpression heart. Finally, TXNIP directly interacted and stabilized Redd1 (an autophagy regulator), resulting in mTOR inhibition and autophagy activation. Redd1 knockdown significantly reduced autophagy formation and ameliorated I/R injury in TXNIP overexpression hearts. Our results demonstrated that increased TXNIP-Redd1 expression is a novel signaling pathway that contributes to I/R injury by exaggerating excessive autophagy during reperfusion. These observations advance our understanding of the mechanisms of myocardial I/R injury.